unconsciously perceived stimuli is unconfirmed. Merikle and Daneman (1998) noted that the 128 majority of priming studies had tested for primed effects within five minutes of exposure and 129
had not explicitly examined subsequent retention of observed effects. Based on a meta-130 analysis of studies investigating memory for events during general anaesthesia (Merikle & 131 Daneman, 1996) , they proposed that unconsciously perceived stimuli can last for many hours. 132
In addition, Srull and Wyer (1979) showed that priming hostility can impact social judgments 133 up to one week after the priming period, when the to-be-judged stimulus had been presented 134 right after the priming event, yet the priming effect was not retained one week later when 135 exposure to the stimulus was also delayed. Bargh et al. (2001) , proposed that effects 136 exceeding the 4 to 5 minute timeframe result indirectly from psychological mediators 137 stemming from the behavioural consequences of priming rather than directly from the 138 priming intervention. For example, Nelson and Norton (2005) found that participants 139 demonstrated an increased willingness to complete volunteer work three months after they7 were primed with the category 'superhero'. It is possible that this increased willingness over 141 an extended period was mediated by the satisfaction gained through the act of helping (Bargh 142 et al., 2001 ). In the domain of skilled motor behavior the durability of any priming effect is 143 presently unknown and is clearly an important consideration given the large range in duration 144 of competitive sport activities. 145
The Present Study 146
The present study addressed three specific aims in investigating the efficacy of 147 priming on motor skill behavior. The first aim was to replicate the findings of Ashford and 148 Jackson (2010) , who reported content-related changes in motor performance following 149 fluency priming and skill-focus priming interventions. The second aim was to investigate the 150 attentional demands associated with motor performance under the different prime conditions. 151
In movement-related research, probe-reaction time (P-RT) tasks have been used to assess the 152 'mental workload' imposed on the performer by any particular set of task conditions 153 (Abernethy, 1988). P-RT task performance is considered to be a reflection of residual 154 processing capacity, with performance being proportional to the size of the remaining 'free' 155 attentional space (e.g., Wulf et al., 2001) . Faster responses to the secondary P-RT task are 156 interpreted to indicate that less on-line attention was utilized for primary task performance. In 157 the present study, inclusion of the P-RT task allowed for assessment of the relative 158 automaticity of motor skill execution as a function of the priming conditions. Based on the 159 premise that the priming interventions promote or disrupt automatic motor processes through 160 reducing or increasing conscious control, we hypothesized that a fluency based prime would 161 yield faster P-RTs than a skill-focus prime, neutral prime and a no-prime control. 162 Accordingly, we hypothesized that a skill-focus prime would yield slower P-RTs than the 163 neutral prime and control conditions. instructed to use four of the five words to form a grammatically correct sentence and to write 212 out the whole sentence in a space provide below the randomly presented words. Items for 213 each of the three priming tasks had been previously assessed for face validity by two experts. 214
Fluency prime. Target words were based on literature relating to the concepts of 215 automaticity, optimal performance, and flow; for example, 'movements seemed to flow' and 216 'I am at ease' (presented as: 'movements very flow to seemed' and 'am I ease at on'). 217
Skill-focused prime. Target words were drawn from research on attentional focus 218 and conscious control and directed the performer to the execution of the skill; for example, 'I 219 focused on technique' and 'hip position is important' (presented as: 'technique on I the 220 focused' and 'important position is hip correct,' respectively). 221
Neutral prime. Target words bore no relation to performance; for example, 'the grass 222 is green' and 'the world is round' (presented as: 'green is purple grass the' and 'square round 223 the is world,' respectively). 224
Control. In the control condition, participants were simply instructed to "complete 225 the dribbling task as quickly and accurately as possible". 226 exception of the last block of trials participants were given a short rest period of 2-3 minutes 239 after each block, during which they were requested to count backwards in sevens from 70. 240 This working memory intensive task was included to prevent rumination about performance 241 in the previous block of trials and to decrease the accessibility of the previous concept. 242
After completing the priming and control conditions participants were given a 30-243 minute break. Participants then completed the first block of retention trials after which they 244
were given an additional 30-minute break before completing the second block of retention 245 trials. During these breaks, participants were asked not to discuss the study with anyone and 246 to refrain from soccer dribbling. Upon completion of the experiment, each participant was 247
shown the camera recording ball displacement and asked for their consent to use the video 248 footage for analysis. Finally, each participant was thanked for participating, was debriefed 249 about the purpose of the study, and was requested not to discuss the specific purpose of the 250 study with other potential participants. 251
Data Analysis 252
Prior to analysis, all data were screened for outliers using standardized scores (z ± 253 3.29) and the Mahalanobis distance test. Initially, to test whether the secondary task impacted 254 primary task performance, a 2 (with/without P-RT) x 4 (prime condition) repeated measures 255 ANOVA was conducted. Following this, one-way repeated measures ANOVAs were 256 conducted for the performance data with prime condition entered as a within-participants 257 factor and task completion time, lateral displacement and P-RT serving as the dependent 258
variables. 259
In order to analyze the retention data while retaining statistical power, the participant 260 sample was divided into two groups according to the last condition they completed. The 261 control group (n = 12) comprised participants who had completed the neutral or control12 condition as their last block while the experimental group (n = 12) comprised participants 263 who completed the fluency or skill-focus priming conditions last. As retention of a priming 264 effect in participants exposed to the fluency and skill primes would result in opposite effects 265 on performance, retention scores for participants who received the skill-focus prime last were 266 reversed such that negative scores indicate the presence of a priming effect. The three 267 difference scores (task completion time, lateral displacement, P-RT) were calculated relative 268 to performance in the control condition and depict the presence / absence of a priming effect 269 immediately after exposure to the last prime (baseline) and at the 30-minute and 60-minute 270 retention tests. To analyse these data, one-sample t-test comparisons (one-tailed) were made 271 against a value of 0 at each of the three retention points. 272
Results

273
Initial Effects of Prime 274
Data screening revealed no univariate or multivariate outliers. Further analyses confirmed 275 that P-RT had no impact on primary task performance (see each of these conditions with the neutral prime and control conditions revealed no significant 292 differences (Figure 1, bottom panel) . 293
Retention of Primed Behaviors 294
As can be seen in Figure 1 (right panels, experimental group), there was a linear 295 attenuation of the priming effect for both completion time and P-RT data across the baseline, 296
30-minute and 60-minute retention test points. As expected, the control group's performance 297 remained relatively stable across the retention points. The aim of the present study was to further investigate the efficacy of priming in 316 skilled motor behavior, utilizing a sentence scrambling task. In particular, we aimed to assess 317 differential use of attentional resources following different primes by assessing the speed and 318 accuracy of a soccer skill as well as response to a P-RT task. Participants were assessed under 319 conditions designed to optimize performance by priming words relating to fluent execution 320 and to hinder performance by priming words associated with conscious control. Finally, we 321 sought to explore the retention of priming effects over a one hour period. . Specifically, predicted changes in P-RT mirrored changes in performance such that P-330 RT was significantly faster following the fluency prime than after the skill-focus prime. 331
The performance effects observed in this study replicate the findings of Ashford and 332
Jackson (2010) but conflict with the null effects reported by Winter and Collins (2013). It is 333
presently unclear why similar protocols, tasks, participants and measures have resulted in 334 such different findings. One possibility is that there was greater scope for improving 335 performance in Ashford and Jackson's study than there was in Winter and Collins' study. The 336 participants in Winter and Collins' study were older, more experienced and competed at a 337 15 higher level (from county to international level) and had faster mean trial completion times 338 than those in Ashford and Jackson's study. By definition, the extent to which priming the 339 concept of fluent autonomous performance will impact participants is dependent on the pre-340 existing level of fluency or automaticity. Cross-sectional designs examining the efficacy of 341 priming in groups of varying experience and ability will help address this question. 342
The large priming effect in this study was larger than has typically been observed in 343 other studies using the sentence completion task (REFs) and might be explained by the In conclusion, the present study lends further support to the efficacy of priming 408 skilled motor behavior. Importantly, the analysis revealed differences in the attentional 409 demands associated with performance that were consistent with the nature of the primes and 410 observed performance: priming fluency enhanced motor performance and was associated 411 with faster P-RTs, while priming skill focus was detrimental to performance and was 412 18 associated with slower P-RTs. With research applying priming to skilled motor behaviour in 413 its infancy and already subject to conflicting findings, the robustness of the phenomenon 414 needs to be established across different sporting activities. A logical extension to the present 415 study is to determine whether the observed priming effects are moderated by either skill level 416 or participant awareness of the link between the priming and motor tasks. In so doing, the 417 processes through which priming impacts skilled performance will be better understood. The 418 extent to which priming can influence psychological factors impacting sports performance, 419 the robustness of primed effects over time, and the degree of transfer of primed effects to the 420 field, offer additional theoretical and practical avenues for research. 421 
